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Introduction
The thermoneutral zone in birds depends on a number of intrinsic variables, including internal insulation and autonomic vasomotor mechanisms, and extrinsic variables, including room temperature and physical characteristics of facilities. Therefore, some handling alternatives for those variables exist, aimed at reducing the impact of stress on birds to improve thermal homeostasis (MACARI et al., 2004) .
During feeding, nutrient metabolism causes increase in heat. The increment increases with the amount of food consumed and is inversely proportional to the energy content of the diet. Increased carbohydrate content provides greater heat increase increments, but in diets with oils substituted for carbohydrates, there is a lower heat increment. Proteins provide one of the highest heat increases, depending on the form that is provided by the feed ingredients (intact), due to a series of complex reactions required in their metabolism. Thus, the increment is reduced when synthetic amino acids are substituted for protein in the diet. Research has shown that environmental factors can effect metabolizable energy in broiler diets due to changes in food consumption (LONGO et al., 2006; OLIVEIRA NETO et al., 2000) , and subsequently protein and digestible amino acids (CHENG et al., 1997; OLIVEIRA et al., 2010 OLIVEIRA et al., , 2011 TAVERNARI et al., 2013) , and the modification of these levels in the diet can also reduce the effects on body temperature.
Temperatures (surface and body temperature) in poultry serve as a physiological response to inadequate housing conditions (NASCIMENTO et al., 2011) . Thus, it is important to determine the influence of different nutritional plans on body temperature variation, since the nutrient density of the diet has great influence on it. It is known that the body and surface/body temperatures of poultry also vary with sex (ALVES, 2012; AMARAL et al., 2011; MACARI et al., 2004) , and age (CANGAR et al., 2008; FURLAN, 2001; MARCHINI et al., 2007; SILVA et al., 2003) .
It is possible that the nutritional and energy density of diets can influence digestive system development, and according to Lawrence and Fowler (2002) visceral tissues have a higher capacity for size reduction during malnutrition and, consequently, reduce their metabolic activities more effectively compared to carcass tissues.
The objective of this study was to evaluate the effect of different nutritional plans on body temperature and relative weight of organs in male and female broiler chickens at two ages.
Materials and Methods
The experiment was conducted from MarchApril 2013, at the Broiler's Experimental FarmFazenda Glória -Federal University of Uberlândia -in Uberlândia, Minas Gerais, Brazil. All procedures in this study were performed as Registry Protocol CEUA/UFU 002/13 approved by the Ethics Committee on the use of animals, of the Federal University of Uberlândia.
A total of 1,700 broilers (850 males and 850 females) from a single age flock of the Hubbard Flex breed were raised from 1-42 d during the study.
They were housed in a brick shed with dimensions of 60 x 10 m, with a metal roof, tile asbestos cement, lined with plastic specific for poultry, a concrete floor, sides with short masonry walls and wire mesh screens of 4 cm 2 . Internally the shed was equipped with 80 pens of PVC pipes and galvanized wire mesh, each measuring 1.90 x 1.50 m, fans on the both sides and water sprinklers on the ceiling to control the temperature, side curtains, and artificial lighting. Each pen was equipped with an automatic child drinker, a pendulum-shaped drinker, and a tubular feeder. Shavings were used as bedding material.
For temperature measurements, a completely randomized design with split plot in time 5 x 2 x 2 (five treatments, two sexes, and two ages) with 10 repetitions was used. Ages were evaluated at d 35 and 42, by analyzing two birds from each pen (one male and one female), totaling 20 animals per treatment.
To analyze the performance of the organs, the experiment was conducted in a completely randomized design in a factorial arrangement (2 x 5), with two sexes and five treatments with five repetitions, with each bird being considered as one repetition, resulting in a total of 50 birds being used for analysis.
The treatments consisted of different nutritional plans, following the recommendation of Rostagno et al. (2011) : 3 and 1.5% below and 1.5 and 3% above the nutritional and energy levels of the reference plan, respectively (Tables 1, 2, 3 and 4). The reference plan was assumed as 0%, where the other plans were raised or lowered in relation to this.
A feeding program based on four phases was used according to the age of the birds: the pre-starter phase (1-7 d), initial phase (8-21 d), fattening (22-35 d) , and slaughtering (36-42 d). The diets were formulated and prepared with sorghum, soybean meal, degummed soybean oil, dicalcium phosphate, limestone, salt, vitamin complex, minerals, and additives. As the density was increased, the amount of oil was also increased.
The management of the birds throughout the experiment followed the criteria of the Experimental Farm model to ensure proper ambience at every stage of life, clean and fresh water supply, and ad libitum feed. The birds were vaccinated against Marek's and Gumboro's disease in the hatchery and revaccinated against Gumboro's disease by the administration of the vaccine via drinking water at 12 d of age. To provide thermal comfort for the birds, the temperature was monitored daily every 3 h using three thermo-hygrometers (Data Logger Incoterm®) installed at three different points of the shed 30 cm above the avian bed (Table 5) . * Initial Premix (composition per kg of product): vitamin A 1,600,000.00 IU; vitamin B1 600.00 mg; vitamin B12 2,000.00 mcg; vitamin B2 800.00 mg; vitamin B6 400.00 mg; vitamin D3 400,000.00 IU; vitamin E 3,000.00 mg; vitamin K 400.00 mg; zinc 12.60 g; cooper 1260.00 mg; selenium 80.00 mg; iron 10.50 g; iodine 252.00 mg; manganese 12.60 g; folic acid 140.00 mg; pantothenic acid 1600.00 mg; zinc bacitracin 11.00 g; biotin 12.00 mg; choline 70.00 g; methionine 336.60 g; monensin sodium 22.00 g; niacin 6000.00 mg.
To obtain the average surface temperature (AST), the following formula was adopted, which was first described by Richards (1971) and adapted by Malheiros et al. (2000) : AST = 0,12 Twing + 0,03 Thead + 0,15 Tshin + 0,70 Tback
The cloaca temperature (Tcloaca) and superficial AST were used to calculated the body temperature (BT) as described by Richards (1971) :
At 42 d old, 10 birds per treatment (five males and five females) were selected, representing the live weight equal to the average weight (± 5%) of birds belonging to their respective treatment. Birds were identified by plastic numbered seals and then were fasted for 12 h, receiving only water. * Fattening Premix (composition per kg of product): vitamin A 1,280,000.00 IU; vitamin B1 400.00 mg; vitamin B12 1,600.00 mcg; vitamin B2 720.00 mg; vitamin B6 320.00 mg; vitamin D3 350,000.00 IU; vitamin E 2,400.00 mg; vitamin K 300.00 mg; copper 1200.00 mg; iron 10.00 g; iodine 240.00 mg; manganese 12.00 g; selenium 60.00 mg; zinc 12.00 g; folic acid 100.00 mg; pantothenic acid1600.00 mg; biotin 6.00 mg; choline 50.00 g; halquinol 6000.00 mg; methionine 267.30 g; niacin 4800.00 mg; salinomicin 13.20 g.
At the slaughterhouse, the birds were again weighed on a semi-analytical balance (Marte BL3200H) with an accuracy of 0.01 g and then slaughtered (stunning, bleeding, scalding, plucking, and gutting). Subsequently the gizzard, liver, heart, and small intestine were separated and weighed. The gizzard was previously opened by a longitudinal incision and all food contents removed. Thus, the relative weight was calculated based on the following formula:
Relative weight (%) = Organ weight x 100 Body weight
After the verification of normal data errors, the results were submitted to variance analysis with 5% significance and a regression was performed between nutritional plans, using the statistical program SAS 9.3 (SAS, 2011). 
Results and Discussion
The results obtained for temperatures of the shin, wing, head, and back are shown in Table 6 . There was no interaction between nutrition plans, sex, and ages and no interaction between sexes and nutrition plans for any of the variables. There was a significant interaction between age and nutrition plans only for shin temperature, with a quadratic effect at 35 d and cubic effect at 42 d, according to the equations y = 0,3056x2 -0,617x + 33.002 (R² = 0.9784) and y = -0,1032x3 + 0,1024x2 + 0,8972x + 36.494 (R² = 0.971), respectively. As the plan to lower temperature at 35 d by 1.01%. The greatest variation of shin temperature in relation to other surfaces was due to the lack of feathers in this region, making a change over a short time more likely (NÄÄS et al., 2010; NASCIMENTO et al., 2011) . According to Esmay (1969) , in areas without feathers, a variation in the surface temperature at 20 °C occurs most due to vasomotor tone.
The effect of the nutritional plans for the temperatures of the shin and head, noting the quadratic effect on the temperature of the head, were determined using the equation y = 0,0784x2 -0,146x + 33.508 (R² = 0.8517), estimating a lower temperature for the plan of + 0.931. There was also a significant difference between the ages for Thead, which increased with increasing age. There were differences between males and females (P < 0.05) for the temperatures of shin and back. The male temperatures were higher than the females. According to Silva et al. (2007) , the difference of the back temperature can be explained by better feather coverage at the back of females compared to males. According to Amaral et al. (2011) , males lose more heat to the surrounding environment, thereby increasing their metabolic heat production.
There was a significant interaction between sex and age in Tback (Table 7) , as males at 35 d had a higher back temperature than at 42 d. This was not the case with females, where the temperature did not differ between ages. There was no interaction (P > 0.05) between nutritional plans, sexes, and ages, or between sexes and plans for the surface, cloacal, and body temperatures (Table 8) . Interaction between nutritional plans and ages for cloacal temperature, of a cubic effect to 42 d were observed, represented by the equation y = -0,0157x3 +0,0202x2 +0,0903x + 42.014 (R² = 0.965), which did not occur for surface and body temperatures. Nutritional plans exerted no effect on the surface, cloacal, and body temperatures, probably because environmental temperature was constantly controlled to the thermal comfort range, and the birds had to make little effort to maintain thermal homeostasis. According to Furlan and Macari (2008) , birds kept at thermoneutral temperature have a minimal metabolic rate and homeothermia is maintained with minimum energy expenditure. Medeiros et al. (2005) reported that even if the temperature decreases to 20 °C or increases to 32 °C, the variation in cloacal (41,0-42,2 ºC) and surface (38,4-40.9 ºC) temperatures are still within ideal limits, which would not apply if the ambient temperature decreased to 16 °C or increased to 36 °C, resulting in thermal stress.
Body temperature of birds increases when the ambient temperature rapidly reaches 30 °C (BOONE; HUGHES, 1971), but when the temperature gradually rises, the body temperature remains constant until the ambient temperature reaches 33 °C (WELKER et al., 2008) .
Regarding the bird's gender, there was a significant effect (P < 0.05) where males had higher AST and ABT temperatures than females. As the heat from metabolism produced by the animals varies according to gender, this result may be associated with intense metabolic activity, which is greater in male than female broilers throughout the growing period (ALVES, 2012; MACARI et al., 2004 ).
There was a higher cloacal and ABT (P <0.05) with age. This result was similar to several studies showing that cloacal and body temperature increases as birds become older (MACARI; FURLAN, 2001; SILVA et al., 2003; MARCHINI et al., 2007) .
There was no significant interaction between gender and age, and average surface temperature (Table 9 ). Males had a higher AST than females at 35 d. The temperature of the males did not differ between ages. The interaction was due to lower AST in females at 35 d compared to females at 42 d, and that was not noticed with males. This variable is very important since it is related to heat loss to the environment. According to Cangar et al. (2008) , the variation in the surface temperature can be up to 8 °C between the first and last weeks. The increase in AST with increase in age was observed only for females, because close to the time of slaughter, they showed greater fat deposition than protein deposition (KESSLER et al., 2000) , and fat acts as a cover that retains heat.
There was no significant interaction between gender and nutritional plans for the following variables: live weight, heart, liver, gizzard, and small intestine weights (Table 10) . Gender only affected body weight and the gizzard and small intestine (P < 0.05), with higher body weight seen for males and higher weight of the gizzard and small intestines seen for females. The nutritional plans did not affect liver and heart weights (P > 0.05); however, there was a significant effect on liver, gizzard, and small intestine weights. Ribeiro et al. (2001) , Rocha et al. (2003) , and Barbosa et al. (2008) found no differences in the heart weight of birds under different nutritional plans. Table 10 . Body weight and relative weights of the heart, liver, gizzard, and small intestine of male and female broilers, at 42 days of age, when subjected to different nutritional plans.
Live weight (kg)
Heart (%) Liver (%) Gizzard (%) Small Intestine (%) The liver and gizzard have a lagged linear effect of the nutritional plans, represented by the equation y = 0,0132x +1.8304 (R² = 0.8161) and y = -0,0233x +1.4621 (R² = 0.5284), respectively, increased for the liver and decreased for the gizzard.
The increment of the nutritional levels may have increased liver metabolic function, and subsequently organ size. According to Xavier et al. (2008) , the presence of fatty acids at high levels can stimulate an increase in the secretion of digestive enzymes, promoted by hypertrophy of the secretory cells, causing an increase in the liver. Aletor et al. (2003) suggest that, in high protein diets, the transport of metabolized lipids in the liver to other tissues may be increased by increased apolipoprotein synthesis, due to high availability of essential amino acids.
According to Dozier et al. (2006) , the dietary energy level controls the food intake of broilers, where higher available energy reduces food intake. Thus, this lower feed intake may have reduced the size of the gizzard, due to lower work done by that organ. According to Ribeiro et al. (2002) , the mechanical work of the gizzard causes the greater development of the longitudinal smooth muscle of the organ, resulting in hypertrophy and increased muscle mass.
A similar result for gizzard weight was found by Rocha et al. (2003) with the Hubbard line, where the level of 3.000 kcal kg -1 of metabolizable energy showed a greater weight than the level of 2.850 kcal kg -1 for the treatments with 20% crude protein.
The weight of the small intestine was affected quadratically, and is shown by the equation y = + -0,0281x2 + 0,0475x + 2.9936 (R² = 0.6662), estimating the higher weight to the plan 0.845%. A similar result was found by Xavier et al. (2008) for broilers at 7 d, when evaluating different energy levels in pre-starter feed.
The increase in energy density by adding more oil in the diets promotes greater retention time of the food in the digestive system because, according to Swenson and Reece (1996) , dietary fat stimulates the release of cholecystokinin, which reduces the speed of emptying the digestive system that can stimulate an increase in its size.
Conclusion
The different nutritional plans did not affect body temperature of broilers. Males had higher temperatures than females, and body temperature increased with age.
